Abstract: This paper is the counterpart to the paper Collaborative Takt Time Planning of Non-Repetitive Work of Iris Tommelein. Both paper describe Takt approaches in two different geographical and project contexts. A follow up paper is planned and will compare the described approaches and assesses their applicability and success. This Paper describes the German Takt approach, called Technical Takt Planning and Takt Control. The authors used this method in on several projects in construction. It describes the historically development of Takt in construction in German and leads to the current state of the theoretical method used at the Karlsruhe Institute of Technology (KIT). The third part of the paper gives a practical example of the KIT approach.
INTRODUCTION
Takt time is increasingly being used to structure construction work and thus "shape" project schedules. In the companion papers (Tommelein 2017) we refer to previous uses of Takt in production and offer a framework for characterization of Takt methods currently used in construction.
In German the word "Takt" means "beat" or the regularity with which something gets done. When the word is used in a Lean context, it is a concept interlinked with standardization, predictability, and many other Lean concepts. Takt refers to the heartbeat of assembly lines in the Toyota Production System . Once a beat is set, every line can move in sync with others in a continuous flow process.
Whether at Toyota, more generally in product development and manufacturing, or in construction, Takt defines the unit of time within which a unit of production must be produced (supply rate) in order to match the rate at which that product is needed by the customer (demand rate). Takt Time is a design parameter used in a production setting, be it manufacturing, construction, or other any other setting.
The approaches used in different parts of the world and conceptualizations of Takt Time -even when applied in the same geographic region -appear to differ from one another. The aim of our ongoing study is to create conceptual clarity and highlight distinctions between approaches in the methods they use and contexts in which they apply.
Technical Takt Planning and Takt Control in Construction Along this line, Frandson et al. (2015) already compared and contrasted Takt Time Planning with the Location-based Management System (LBMS).
In this paper, we detail the approach for collaborative Takt Time Planning of nonrepetitive work which we developed and piloted in the course of delivering a small project.
HISTORY OF DESCRIBED APPROACH
Using the principle of Takt is not new in the German construction industry. Takt was used in incremental launching in the 1970s (Gaillard 1974) . Takt Planning was also mentioned in a context of concrete construction by Adolf Schub (1970) in his dissertation "Problems of Takt Planning in Construction Production". These approaches however, only used Takt for the purposes of planning.
The German Lean movement was started by Professor Fritz Gehbauer (2007) . The main points of the method are contractual models and cooperative approaches such as the Last Planner System. Further methods and approaches, which are heavily used by consulting companies, were developed based on this. One such approach originates from a project consulted by Porsche Consulting in 2005 and is described in detail in Kaiser's dissertation (Kaiser 2013, p. 68 ). Kaiser's approach is based on a takted system for operational execution and includes the method Takt Planning and Takt Control. This approach is also mentioned in Friedrich et al. (2013) .
The idea of takting work as part of Lean Construction and thereby seeks to create value-creating activities across the entire process chain of equal duration. This idea in combination with a short cycle control of the processes has only been implemented in Germany in the last 10 years. Since then some companies have placed a strong focus on this approach. An example of this is a medium sized enterprise described by Haghsheno et al. (2015) . This approach was further developed at KIT 3 GEOGRAPHICAL AND PROJECT CONTEXT The Takt approach described here was developed for building projects with clearly identifiable replicable elements such as hotel construction, and later applied to other types of construction. In the meantime, this approach is applied to all types of buildings from office to residential construction.
The example project in this paper describes the new construction of the fire department of an automobile production plant. In this case takt was used only in the fit-out stage.
The scope of the project has a gross floor area of approx. 500 m2 for a German automobile producer. To minimize disruption to the fire brigade's state of readiness, the goal was to complete construction as quickly as possible to allow normal operations to resume. Therefore, the original construction sequence with a timeline of 90.5 days (or approx. 18 weeks) was takted. The idea of the Lean Construction methods of Takt Planning and Takt Control is to bring the processes necessary for creating value into a uniform flow. As uniformity and 100% consistency can never be achieved in practice, the system is adjusted to the uniform Takt 'beats' given. The more fine-grained a Takt selected, the higher the level of uniformity, and therefore the higher the level of control over the system. For the level of effort needed to control the system the reverse is true. Takt in manufacturing is normally defined in seconds or minutes Kaiser recommends a weekly Takt for the construction sector and justifies this by stating that a Takt under two days in length is very difficult to implement in practice (Kaiser 2013, p. 113) . The selected Takt is noticeably dependent on the variability/stability of the system and product, but is not constrained by these. From a Lean perspective, the goal is to reduce the batch size and reduce throughput time.
In practice a weekly Takt is often selected due to the instability of construction processes. Individual examples (Heinonen and Seppänen 2016) of hourly and daily Takt show that the Takt time to be used cannot be seen as a fixed number for all projects. For every project there could be a different takt time.
The technical Takt Planning and Takt Control method Takt Planning
The method developed at KIT is based on Kaiser's approach with various points developed in further detail. The Takt Schedule was developed collaboratively by the project team in 12 steps. The steps are shown in figure 1.
In the first step the project was divided into functional working areas. These are sections and areas of a construction which will be carried out using various process sequences. In the second step the priority of different areas was determined from the perspective of the client, and afterwards sorted into the individual areas according to priority. For the selected area (step 3) the Standard Space Unit (SSU) was defined. The SSU is the smallest repetive part in a project. During a workshop the project team planned works to the level of working steps in reverse order.
Step 6 is the most important piece of the method. Quantities were determined for the SSUs and multiplied by a performance factor. In step 7 the working steps were bundled into work packages. This bundling is strongly influenced by the traditional division of works.
Step 8 organises the SSUs into practical Takt Areas and allocates the Takt Time. The Takt Time is often determined beforehand according to the needs of the client. The Takt Area is determined according to a calculation. Haghsheno et al. (2016) lists guidelines for the sizing of areas. Harmonization is completed in connection to this. This process levels the work load and is described explicitly by Binninger et al. (2016) . The first result in Step 10 is a train of works. Work packages can be bundeled together in one waggon if there is a no collision. Steps 4-10 are then repeated for all Takt Areas. In Step 12 the results are shown in a Takt Plan. Takt Control, also known as "managing the gemba" or "shopfloor management", has the goal of placing control at the place of value creation. Short-cycled (daily) meetings on-site are considered particularly important (Peters 2009 ). The meetings are moderated by the construction manager, and all persons responsible for execution take part. The site is managed through Takt Control Boards (shopfloor boards). These boards are also standardized, and serve as a medium for visualization to achieve transparency. The key to motivating employees to take part in the meetings is to integrate them in the problemsolving process. The following key points are recorded: For the first floor (3) the corridor, bedrooms and ground floor were defined as SSUs (4) before process steps were prepared by the team (5). The works and quantities were 11) Do steps 3 to 6 for all functional areas 12) Prepare the takt schedule and determine milestones in order to costumer priority S1 S2 S3 A1 A2 A3 A4 A5 A6 C S1 S2 S3 A1 A2 A3 C S1 S2 S3 A1 A2 A3 A4 C Available for customer The tasks were assembled into work packages (7). The following figure 4 shows the work packages for the corridor. After determining the Takt Time and length of the Takt (8) and harmonisation (9) the sequence of the trains was determined (10). In the next step the approach (11) was repeated for the ground floor. In this case study five Takt Areas (3x bedrooms, 1 x corridor, 1 x ground floor) were used. On the first floor a Takt Time of 2.5 days was implemented, while five days was used on the ground floor. Finally, the production timeline was prepared (12) as shown in Figure 5 . The result is demonstrated in Figure 6 and 7. CW30  CW31  CW32  CW33  CW34  CW35  CW36  CW37  CW38  CW39  CW40  CW41  CW42  CW43  CW44  CW45  CW46  CW47  CW48  CW49  CW50  CW51  CW52  CW53  CW54  CW55  CW56  CW57  CW58  CW59  CW60  CW61  CW62  CW63  CW64  CW65  CW66  CW67  CW68  CW69  CW70  CW71  CW72  CW73  CW74  CW75  CW76  CW77  CW78 Marco Binninger, Janosch Dlouhy and Shervin Haghsheno The three different layers of a Lean approach to construction are stated in Haghsheno et al. (2015) as follows:
• Production Systems • Collaborative Systems
• Contract Systems The authors conclude that a holistic Lean approach must comprise of all three layers. Technical systems such as Takt Systems support transparency and stability by using objective data in a holistic Lean system. Furthermore, the borders of collaborative working could be expanded by using data in democratic production systems. Finally, the focus of technical Takt planning and Takt control is value for the customer while the relationship between Takt Time and Takt Areas define the speed of a project's execution.
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